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CLAIMS 



[Claim(s)] 

[Claim 1] The oxidization method of the silicon substrate characterized by performing 
thermal oxidation on the aforementioned front face of a silicon substrate after pouring 
nitrogen ion into a silicon substrate. 

[Claim 2] The oxidization method of the silicon substrate characterized by performing 
thermal oxidation on the aforementioned front face of a silicon substrate after pouring 
argon ion into a silicon substrate. 

[Claim 3] The oxidization method of the silicon substrate characterized by performing 
thermal oxidation on the aforementioned front face of a silicon substrate after pouring 
nitrogen ion and argon ion into a silicon substrate. 

[Claim 4] The oxidization method of the silicon substrate according to claim 1 or 3 
characterized by pouring in silicon ion with nitrogen ion. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About the oxidization method of a silicon substrate, in case this 
invention oxidizes a silicon-substrate front face thermally in a detail more, it relates to the 
oxidization method of the silicon substrate which can control an oxidation rate. 
[0002] 

[Description of the Prior Art] In manufacture of a semiconductor device, the role which 
has achieved the silicon oxide is large and this silicon oxide is widely used as the field 
oxide film of the isolation region between elements which separates electrically between 
elements, such as each active element and a passive element, a gate oxide film of an 
MOS transistor, etc. Therefore, the technology which forms the aforementioned silicon 
oxide is important technology, and there is the oxidizing [ thermally ] method which 
oxidizes a silicon-substrate front face directly as technology which forms this silicon 
oxide. 

[0003] the oxidization method of a silicon substrate using the conventional general 
oxidizing [ thermally ] method - a silicon substrate - 02 H2+02 etc. ~ the 
aforementioned silicon-substrate front face is changed to the silicon oxide by performing 
heat treatment hot in the inside of an oxidizing atmosphere 

[0004] In the oxidization method of such a silicon substrate, it is usually carrying out by 



changing values, such as temperature [ control / of the thickness of the aforementioned 
silicon oxide formed ] at the time of heat treatment, time, and oxygen tension. 
[0005] Moreover, an oxidation rate is controlled by atomic hole concentration in the 
aforementioned silicon substrate. That is, if the atomic hole concentration in this silicon 
substrate becomes high, in order that Si-Si combination may go out with small energy, an 
oxidation rate increases. For example, if the dopant concentration (As, P, B, etc.) in this 
silicon substrate becomes high, the position of a Fermi level shifts, the concentration of 
an atomic hole becomes high, and it is known that an oxidation rate will increase (C. 
P.Hoand J.D.plummer, J.Electrochem.Soc, and 126 (1979) 1523). Moreover, when ion- 
implantation is used for introduction of a dopant, among the defects by which induction 
is carried out, it is distributed mostly near the substrate front face by the atomic hole, and 
it is known that the oxidation rate on the front face of a substrate will increase for this 
reason (S. Solmi et al, Appl.Phys.Lett, and 51 (1987) 331). Therefore, by performing 
introduction of a dopant using ion- implantation, and controlling acceleration voltage, 
injection rate, etc. at the time of the kind of ion, and an ion implantation, the distribution 
of the atomic hole on the front face of a substrate is controlled, and an oxidation rate is 
controlled. 

[0006] Moreover, when forming the aforementioned silicon oxide which is becoming thin 
with detailed-izing of an element, for example like a gate oxide film, the method of 
lowering the temperature at the time of heat treatment, the method of making the oxygen 
tension in atmosphere small, etc. are usually adopted as a method of decreasing an 
oxidation rate. 

[0007] By the way, the LOCOS method (Local Oxidation of Silicon) is learned as a 
method used when the method of usually performing combining thermal oxidation of 
multiple times is used, for example, it forms the isolation field and element field of a 
semiconductor device, in order to create the field where oxidization thickness differs on 
the same silicon substrate. 

[0008] Drawing 5 is the typical cross section having shown each process in the case of 
forming an isolation field by the conventional LOCOS method (Local Oxidation of 
Silicon). 

[0009] First, first thermal oxidation of silicon- substrate 41 front face in which p wells 
were formed is performed, a silicon oxide 43 is formed, and the silicon nitride 42 is 
formed by CVD the whole surface on this silicon oxide 43 ( drawing 5 (a)). 
[0010] Then, alternative etching is given to the silicon nitride 42 on the isolation field 
which forms the resist pattern (not shown) by the photolithography, namely, forms the 
thick silicon oxide 45 ( drawing 5 (d)) at a next process, and silicon nitride pattern 42a 
which becomes a mask at a next ion- implantation process is formed ( drawing 5 (b)). 
[001 1] Next, high-concentration p type ion is poured into the silicon oxide 43 exposed by 
the aforementioned alternative etching as ion for isolation in self-alignment by using 
silicon nitride pattern 42a as a mask, and the isolation field 47 is formed in it ( drawing 5 
(c))- 

[0012] Then, thermal oxidation processing of a two-times eye is performed to a silicon 
oxide 43, the thick silicon oxide 45 is formed ( drawing 5 (d)), and etching removes 
silicon nitride pattern 42a and silicon oxides 43 other than on the isolation field 47 after 
that. 

[0013] Next, third thermal oxidation is performed controlling the oxygen tension in 



temperature, time, and atmosphere etc., and the thin silicon oxide 46 is formed. Then, p 
type ion for threshold control is poured into the thin silicon oxide 46 in self-alignment, 
and the element field 48 is formed ( drawing 5 (e)). 
[0014] 

[Problem(s) to be Solved by the Invention] Since the whole silicon-substrate front face 
was controlled when setting to the oxidization method of the silicon substrate by the 
above-mentioned conventional general oxidizing [ thermally ] method and controlling 
oxidization thickness by the temperature at the time of heat treatment, time, oxygen 
tension, etc., the technical problem that oxidization thickness was partially uncontrollable 
occurred, therefore the technical problem that only one kind of thickness could be formed 
occurred by thermal oxidation once. 

[0015] Moreover, in the oxidization method of a silicon substrate using the conventional 
LOCOS method shown in drawing 5 , in case the isolation field 47 and the element field 
48 of a semiconductor device are formed, the field where oxidization thickness differs is 
formed on the same silicon substrate 41. Three thermal oxidation is usually performed in 
that case. 

[0016] However, when there was much number of times of thermal oxidation, the 
technical problem that dopant ion was spread unnecessarily, the technical problem that 
the controllability of a dopant distribution falls occurred, and there was a part which 
cannot carry out semiconductor manufacturing process up use for this reason occurred. 
Moreover, since the thermal oxidation process of multiple times, the formation process of 
a silicon nitride, and the etching process were required, a process could not be simplified 
but the technical problem that a manufacturing cost cost dearly occurred. 
[0017] Although how to control an oxidation rate partially by pouring in a dopant using 
ion-implantation and moreover controlling the acceleration voltage and injection rate at 
the time of the kind of ion and an ion implantation is also considered in order to cope 
with such a problem In order to make high unnecessarily DOPANDO concentration of 
the portion to which has the technical problem that it is uncontrollable by this method 
only in the direction to which an oxidation rate is made to increase, and you want to 
increase an oxidation rate, Forming once the field where the technical problem that 
controllabilities, such as resistivity, fall occurs, semiconductor manufacturing process up 
use may not be able to be carried out, therefore oxidization thickness differs by thermal 
oxidation had the technical problem were difficult. 

[0018] this invention is made in view of such a technical problem, and the oxidation rate 
of a silicon substrate can be decreased partially. An oxidation rate can be increased 
partially, without changing the dopant concentration in a silicon substrate. And by 
adjusting the amount of ion implantations etc., an oxidation rate can be controlled and the 
silicon oxide of desired thickness can be formed partially easily. Therefore, the field 
where oxidization thickness differs can be once formed by thermal oxidation, 
improvement in prevention of diffusion of a dopant and the controllability of resistivity 
and curtailment of a manufacturing cost can be aimed at, and it aims at offering the 
oxidization method of a silicon substrate which can be used in the latus range of 
semiconductor manufacture. 
[0019] 

[Means for Solving the Problem] It is characterized by the oxidization method of the 
silicon substrate which starts this invention in order to attain the above-mentioned 



purpose performing thermal oxidation on the aforementioned front face of a silicon 

substrate, after pouring nitrogen ion into a silicon substrate (1). 

[0020] Moreover, after the oxidization method of the silicon substrate concerning this 

invention pours argon ion into a silicon substrate, it is characterized by performing 

thermal oxidation on the aforementioned front face of a silicon substrate. (2) 

Moreover, after the oxidization method of the silicon substrate concerning this invention 

pours nitrogen ion and argon ion into a silicon substrate, it is characterized by performing 

thermal oxidation on the aforementioned front face of a silicon substrate (3). 

[0021] The oxidization method of the silicon substrate which furthermore starts this 

invention is characterized by pouring in silicon ion with nitrogen ion (4). 

[0022] 

[Function] Drawing 1 is the graph which oxidization temperature was changed to each 
silicon substrate which poured in nitrogen ion, nitrogen ion and silicon ion, argon ion, 
and arsenic ion, and the silicon substrate which does not pour in ion from 900 degrees C 
at 950 degrees C, performed thermal oxidation processing for 60 minutes in dryness 
oxygen atmosphere, and compared the thickness of each obtained silicon oxide. 
[0023] When not pouring in ion so that clearly from drawing 1 , the thickness of the 
aforementioned silicon oxide in 900 degrees C was about 18nm, and oxidation rates were 
about 0.3 nm/min. Moreover, when the arsenic (As) ion which is a dopant is poured in, 
the thickness in 900 degrees C is about 56nm, and oxidation rates are about 0.95 nm/min. 
[0024] On the other hand, when nitrogen ion is poured in, and when nitrogen ion and 
silicon ion are poured in, the thickness in 900 degrees C is about 5nm, and when an 
oxidation rate does not pour in about 0.08 nm/min and ion, it is decreasing to 4 by about 
1/. Such a phenomenon reacts with the silicon atom in a substrate, and forms a nitride, 
and the poured-in nitrogen ion originates in suppressing diffusion of oxygen, and the 
reaction of a silicon atom and oxygen, and produces it. Moreover, since the nitrogen ion 
poured in from combining a bird clapper and the poured-in silicon ion itself with nitrogen 
ion that the poured-in silicon ion cuts the Si-Si combination in a substrate, and tends to be 
connected with nitrogen ion is effectively used when pouring in nitrogen ion and silicon 
ion, compared with the case where only nitrogen ion is poured in, there is little injection 
rate of nitrogen ion and it ends. 

[0025] On the other hand, when argon (Ar) ion is poured in, the thickness in 900 degrees 
C is about 26nm, and the oxidation rate is increasing by about 1 .4 times at the time of not 
pouring in about 0.43 nm/min and ion. The oxidation rate is increasing such a 
phenomenon as it originates in an atomic hole increasing to a silicon-substrate front face 
by the poured-in argon ion, and is generated and oxidization temperature becomes high. 
[0026] Moreover, drawing 2 is the graph which showed change of the thickness of the 
silicon oxide to the injection rate of the nitrogen ion at the time of performing 950 
degrees C and thermal oxidation for 60 minutes in dryness oxygen atmosphere, nitrogen 
ion and silicon ion, and argon ion. Conditions, such as temperature at the time of thermal 
oxidation, can control the thickness of the aforementioned silicon oxide by changing 
independently the injection rate of nitrogen ion, nitrogen ion and silicon ion, and argon 
ion so that drawing 2 may show. Therefore, if injection rate is changed to the various 
fields on the aforementioned front face of a silicon substrate and nitrogen ion, nitrogen 
ion and silicon ion, or argon ion is poured into them before thermal oxidation, it will 
become possible to form the aforementioned silicon oxide of thickness which is different 



by one thermal oxidation. 

[0027] In addition, pouring of silicon ion may be performed to any before and after a 
nitrogen ion implantation, and may be performed simultaneously. 
[0028] According to the oxidization method of the silicon substrate the above-mentioned 
(1) publication, in a nitrogen ion- implantation field, when nitrogen ion reacts with the 
silicon atom in a silicon substrate, a nitride will be formed, and in order to cut Si-N 
combination, big energy is needed, and an oxidation rate decreases partially. And since 
nitrogen is not a dopant, the controllability of resistivity does not fall. 
[0029] Moreover, since an oxidation rate is controlled independently with the conditions 
at the time of thermal oxidation by adjusting the injection rate of nitrogen ion etc., it 
becomes possible to form the silicon oxide of request thickness in a request part easily. 
However, since a defect may arise in the aforementioned silicon substrate when there is 
too much injection rate of nitrogen ion, it is desirable to double and pour in silicon ion. 
[0030] Moreover, according to the oxidization method of the silicon substrate the above- 
mentioned (2) publication, the atomic hole concentration in the front face of the 
aforementioned silicon substrate increases by pouring in argon ion. Since Si-Si 
combination goes out with energy small in an argon ion-implantation field and an argon 
moreover is not a dopant, It becomes possible to increase an oxidation rate partially, 
without changing the dopant concentration in the aforementioned silicon substrate, 
improvement in the controllability of resistivity is achieved, and the use range in 
semiconductor manufacture spreads. Moreover, since an oxidation rate is controlled 
independently with the conditions at the time of thermal oxidation by adjusting the 
injection rate of argon ion etc., it becomes possible to form the silicon oxide of request 
thickness in a request part easily. 

[0031] Moreover, according to the oxidization method of the silicon substrate the above- 
mentioned (3) publication, the operation by the method the above (1) and given in (2) and 
the same operation are obtained. In addition, when forming the MOS transistor which has 
gate oxidization thickness which is different when forming an isolation field in a silicon 
substrate, for example, it sets. By forming the nitrogen ion-implantation field and the 
argon ion-implantation field in the aforementioned silicon substrate before thermal 
oxidation, the quick portion of an oxidation rate and a late portion are formed, and the 
field where oxidization thickness differs is easily formed by the thermal oxidation which 
is 1 time. For this reason, diffusion of the dopant by thermal oxidation of multiple times 
is lost, and the controllability of a dopant distribution improves, and simplification of a 
thermal oxidation process, the formation process of a silicon nitride, an etching process, 
etc., etc. is attained, and a manufacturing cost is cut down sharply. 
[0032] Since the poured-in nitrogen ion is furthermore used [ according to the oxidization 
method of the silicon substrate the above-mentioned (4) publication ] more effectively in 
addition to the operation by the method the above (1) and given in (3), it becomes 
possible to lessen injection rate of nitrogen ion. 
[0033] 

[Example] Hereafter, the example of the oxidization method of the silicon substrate 
concerning this invention is explained based on a drawing. 

[0034] Drawing 3 is the typical cross section having shown the oxidization method of the 
silicon substrate concerning an example in order of the process. In addition, the case 
where an isolation field is formed here is explained. First, after applying a resist (not 



shown) on a silicon substrate 11, resist pattern 12a is formed by the photolithography on 
the isolation field which forms the thick silicon oxide 15 ( drawing 3 (d)) at a next 
process ( drawing 3 (a)). 

[0035] Next, nitrogen ion is poured in on condition that 25kV and 5x101 5cm-2 by using 
this resist pattern 12a as a mask, and the nitrogen ion-implantation field 13 is formed ( 
drawing 3 (b)). 

[0036] Then, after etching removes resist pattern 12a, resist pattern 12b is formed by the 
photolithography on the element field which forms the thin silicon oxide 16 ( drawing 3 
(d)) at a next process, the argon ion which is not a dopant is poured in on condition that 
58.8kV and 5xl015cm-2 by using this resist pattern 12b as a mask, and the argon ion- 
implantation field 14 is formed ( drawing 3 (c)). In addition, the dopant ion for isolation 
can be simultaneously poured in at this time. 

[0037] Next, if thermal oxidation of 4 hours is performed at 1050 degrees C using oxygen 
gas after removing resist pattern 12b, as shown in drawing 1 , an oxidation rate decreases 
in the nitrogen ion-implantation field 13, while the thin silicon oxide 16 whose thickness 
is about 7nm is formed, an oxidation rate will increase in the argon ion-implantation field 
14, and the thick silicon oxide 15 whose thickness is about 170nm will be formed ( 
drawing 3 (d)). In addition, the thin silicon oxide 16 formed here serves as an element 
field, and the thick silicon oxide 15 serves as an isolation field. 
[0038] If it is in the oxidization method of the silicon substrate 1 1 concerning this 
example as described above Since thermal oxidation of silicon-substrate 1 1 front face is 
performed after pouring nitrogen ion and argon ion into a silicon substrate 1 1 Since big 
energy is needed in order to form a nitride and to cut Si-N combination in the nitrogen 
ion-implantation field 13, when nitrogen ion reacts with the silicon atom in a silicon 
substrate 11, and diffusion of oxygen is also suppressed, an oxidation rate can be 
decreased partially. And since nitrogen is not a dopant, the controllability of resistivity 
does not fall. 

[0039] Moreover, in the argon ion-implantation field 14, the atomic hole concentration in 
silicon-substrate 1 1 front face can increase by pouring in argon ion, Si-Si combination 
goes out with small energy, an oxidation rate can increase partially, without the dopant 
concentration in a silicon substrate 1 1 changing, since it is not a dopant, the 
controllability of an argon of resistivity can improve, and the use range in semiconductor 
manufacture can be extended. 

[0040] Furthermore, by adjusting the amount of ion implantations etc., with the 
conditions at the time of thermal oxidation, an oxidation rate can be controlled 
independently and the silicon oxide of request thickness can be easily formed in a request 
part. 

[0041] When following, for example, forming an isolation field in a silicon substrate 1 1, 
the quick portion of an oxidation rate and a late portion can be formed by forming the 
nitrogen ion-implantation field 13 and the argon ion-implantation field 14 in the silicon 
substrate 1 1 before thermal oxidation, and even if it is one-time thermal oxidation, the 
aforementioned element field which consists of the aforementioned isolation field which 
consists of a thick silicon oxide 15, and a thin silicon oxide 16 can be formed 
simultaneously. For this reason, diffusion of the dopant by thermal oxidation of multiple 
times can be lost, and the controllability of a dopant distribution can be raised, and a 
thermal oxidation process, a formation process, an etching process of a silicon nitride, 



etc. can be skipped, and a manufacturing cost can be cut down sharply. 
[0042] Moreover, when manufacturing an MOS transistor after forming the 
aforementioned isolation field by the above-mentioned method, the thin silicon oxide 1 6 
can be used as a protection oxide film at the time of the ion implantation for channels, the 
reoxidation in the usual LOCOS method can be omitted, and curtailment of a 
manufacturing cost can be aimed at further. 

[0043] In addition, in this example, although nitrogen ion was explained taking the case 
of the case where it pours in independently, when silicon ion is also poured in with 
nitrogen ion, in another example, injection rate of nitrogen ion may be lessened, and an 
effect equivalent to the effect in this example can be acquired also in this case, and it can 
carry out that it is hard to make a silicon substrate produce a defect in addition to this. 
[0044] Moreover, drawing 4 is the typical cross section having shown the oxidization 
method of the silicon substrate concerning another example in order of the process. Here, 
the case where the MOS transistor which has the gate oxide film from which thickness 
differs is manufactured is explained. First, after applying a resist (not shown) on the 
silicon substrate 21 in which the field oxide film 25 was formed, Resist pattern 22a is 
formed by the photolithography on the field (refer to drawing 4 (c)) which forms the 
thick silicon oxide 27 at a next process, and the field oxide film 25 of the both sides. 
Nitrogen ion is poured in on condition that 25kV and 5xl015cm-2 by using this resist 
pattern 22a as a mask ( drawing 4 (a)). 

[0045] Next, after etching removes resist pattern 22a, resist pattern 22b is formed by the 
photolithography on the silicon substrate 21 of the field (refer to drawing 4 (c)) which 
forms the thin silicon oxide 26 at a next process, and the field oxide film 25 of the both 
sides, and the argon ion which is not a dopant is poured in on condition that 58.8kV and 
5xl015cm-2 by using this resist pattern 22b as a mask ( drawing 4 (b)). The dopant ion 
for threshold control of each transistor can be simultaneously poured in at the time of 
these pourings. 

[0046] Next, if thermal oxidation of 1 hour is performed at 950 degrees C using oxygen 
gas after etching removes resist pattern 22b, as shown in drawing 1 , an oxidation rate 
decreases in the nitrogen ion-implantation field 23, while the thin silicon oxide 26 whose 
thickness is about 6nm is formed, an oxidation rate will increase in the argon ion- 
implantation field 24, and the thick silicon oxide 27 whose thickness is about 39nm will 
be formed ( drawing 4 (c)). The thin silicon oxide 26 and the thick silicon oxide 27 which 
were formed here turn into a gate oxide film from which thickness differs. 
[0047] If the gate electrodes 30 and 31 and the source drain fields 28 and 29 are formed 
after forming the aforementioned gate oxide film from which such thickness differs, the 
MOS transistor which has the aforementioned gate oxide film from which thickness 
differs will be manufactured. 

[0048] The effect and the same effect as abbreviation which were acquired in the 
oxidization method of the silicon substrate 1 1 concerning the example described above 
when the MOS transistor which has the aforementioned gate oxide film from which 
thickness differs was formed according to the oxidization method of the silicon substrate 
2 1 concerning this example, as explained above can be acquired. 
[0049] In addition, although this example explained the case where the aforementioned 
gate oxide film of two kinds of different thickness was formed, in the another example, 
the MOS transistor which has the gate oxide film of two or more kinds of different 



thickness on the same silicon substrate can be manufactured by changing the conditions 

of the injection rate of nitrogen ion and argon ion, a pouring field, etc. 

[0050] 

[Effect of the Invention] Since big energy is needed in order to cut Si-N combination of 
the nitride formed with nitrogen ion and the silicon atom in the nitrogen ion-implantation 
field according to the oxidization method (1) of the silicon substrate concerning this 
invention as explained in full detail above, and diffusion of oxygen is suppressed, an 
oxidation rate can be decreased partially. And since nitrogen is not a dopant, the 
controllability of resistivity does not fall. 

[0051] Moreover, since an oxidation rate is controllable independently with the 
conditions at the time of thermal oxidation by adjusting the injection rate of nitrogen ion 
etc., the silicon oxide of request thickness can be easily formed in a request part. 
[0052] Moreover, according to the oxidization method (2) of the silicon substrate 
concerning this invention, in an argon ion-implantation field, Si-Si combination of a 
silicon substrate goes out with small energy, an oxidation rate can increase partially, 
without the dopant concentration in the aforementioned silicon substrate changing, since 
it is not a dopant, the controllability of an argon of resistivity can improve, and the use 
range in semiconductor manufacture can be extended. 

[0053] Moreover, by adjusting the injection rate of argon ion etc., with the conditions at 
the time of thermal oxidation, an oxidation rate can be controlled independently and the 
silicon oxide of request thickness can be easily formed in a request part. 
[0054] Moreover, according to the oxidization method (3) of the silicon substrate 
concerning this invention, the effect in a method the above (1) and given in (2) and the 
same effect are acquired. In addition, when forming the MOS transistor which has gate 
oxidization thickness which is different when forming an isolation field in a silicon 
substrate, for example, it sets. By forming the nitrogen ion-implantation field and the 
argon ion-implantation field in the aforementioned silicon substrate before thermal 
oxidation, the quick portion of an oxidation rate and a late portion can be formed, and the 
field where oxidization thickness differs can be once formed by thermal oxidation. For 
this reason, diffusion of the dopant by thermal oxidation of multiple times can be lost, 
and the controllability of a dopant distribution can be raised, and a thermal oxidation 
process, a formation process, an etching process of a silicon nitride, etc. can be skipped, 
and a manufacturing cost can be cut down sharply. 

[0055] A defect can be made hard to be able to lessen injection rate of nitrogen ion and to 
produce in the aforementioned silicon substrate, since the poured-in nitrogen ion is used [ 
according to the oxidization method (4) of the silicon substrate which furthermore starts 
this invention ] more effectively in addition to the operation by the method the above (1) 
and given in (3). 

[Translation done.] 
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